The activity of sucrose-phosphate synthase (SPS) in 9-day-old barley (Hordeum vulgare L.) primary leaves was measured over a 24-hour period. Extractable enzyme activity was constant in the light, decreased 50 to 60% during the first one-half hour of darkness, and then returned to full activity before the start of the normal light period. Decreases The major route of sucrose synthesis in leaves involves a cytoplasmic enzyme, SPS' (EC 2.4.1.14), that has a specific substrate requirement for F6P and UDPG (7). This enzyme may be subject to stringent metabolic regulation since it catalyzes the rate-limiting step in the photosynthetic production of sucrose (3). Recent evidence suggests that SPS activity is altered by photosynthetic intermediate levels in the cytoplasm. A stimulation of catalytic activity was observed with G6P (3), whereas Pi and UDP were potent inhibitors (1, 3, 6). There is also an unconfirmed report that a protein-bound activator is associated with the enzyme from Vicia faba cotyledons (4). Soybean leaf SPS activity changes diurnally suggesting the presence of an endogenous rhythm (8). Sucrose is the major storage carbohydrate in barley leaves (5) and its concentration changes rapidly at the beginning of both the light and dark periods (10). It was reasoned that transitions in carbohydrate metabolism should reveal regulatory mechanisms in sucrose synthesis. The diurnal activity of SPS in barley primary leaves was determined in the present study. Enzyme activity was low in barley leaf extracts prepared during the dark when rates of in vivo sucrose synthesis were low. These findings are best explained if SPS activity in barley leaves is controlled by posttranslational protein modification (4). s '), photoperiod (12-h day/12-h night cycle), temperature (20 + 2°C), RH (60 ± 5%), and watering with complete mineral nutrient solution were as previously described (10). Soybean plants (Glycine max L. cv Williams) were raised similarly (12, 13). Spinach (Spinacia oleracea L. cv Viroflay) and pea (Pisum sativum L. cv Alaska) were raised in plastic trays filled with vermiculite as described in detail earlier (9). Reciprocal light/ dark transfers were performed with matching growth cabinets set to similar environmental conditions. Leaf samples of (1.7-2.8 g FW) were harvested for enzyme analysis at indicated times during the light or dark period. Harvested leaves were stored in liquid N2 up to 24 h without a detectable loss of enzyme activity.
The major route of sucrose synthesis in leaves involves a cytoplasmic enzyme, SPS' (EC 2.4.1.14), that has a specific substrate requirement for F6P and UDPG (7) . This enzyme may be subject to stringent metabolic regulation since it catalyzes the rate-limiting step in the photosynthetic production of sucrose (3) . Recent evidence suggests that SPS activity is altered by photosynthetic intermediate levels in the cytoplasm. A stimulation of catalytic activity was observed with G6P (3), whereas Pi and UDP were potent inhibitors (1, 3, 6) . There is also an unconfirmed report that a protein-bound activator is associated with the enzyme from Vicia faba cotyledons (4) . Soybean leaf SPS activity changes diurnally suggesting the presence of an endogenous rhythm (8) . Sucrose is the major storage carbohydrate in barley leaves (5) and its concentration changes rapidly at the beginning of both the light and dark periods (10) . It was reasoned that transitions in carbohydrate metabolism should reveal regulatory mechanisms in sucrose synthesis. The diurnal activity of SPS in barley primary leaves was determined in the present study. Enzyme activity was low in barley leaf extracts prepared during the dark when rates of in vivo sucrose synthesis were low. These findings are best explained if SPS activity in barley leaves is controlled by posttranslational protein modification (4 (12, 13) . Spinach (Spinacia oleracea L. cv Viroflay) and pea (Pisum sativum L. cv Alaska) were raised in plastic trays filled with vermiculite as described in detail earlier (9) . Reciprocal light/ dark transfers were performed with matching growth cabinets set to similar environmental conditions. Leaf samples of (1.7-2.8 g FW) were harvested for enzyme analysis at indicated times during the light or dark period. Harvested leaves were stored in liquid N2 up to 24 h without a detectable loss of enzyme activity.
Enzyme Measurements. Leaf samples were weighed, cut into 0.5-cm pieces, and were homogenized in a chilled mortar and pestle with 0.5 g washed sand and 5 ml ice cold extraction buffer containing 50 mM Mes-NaOH (pH 6.9), 5 mM MgCl2, 1 mM EDTA, 0.1% (v/v) 2-mercaptoethanol, and 2% (w/v) insoluble PVP. Extracts were filtered through two layers of miracloth and were centrifuged at 27,000g for 20 min at 4°C. Supernatants were applied directly to a 2-x 30-cm Sephadex G-25 column preequilibrated with extraction buffer (less PVP) at 4C. Enzyme determinations were performed on sample material eluting with the void volume. The activity of SPS in leaf extracts were determined essentially as described by Silvius et al. (12) . Assays contained 50 mM Hepes-NaOH (pH 7.5), 5 Table I ). Thus, the control of SPS activity in barley and soybean leaves may involve fundmentally different mechanisms. Alternatively, the biochemical mechanisms may be the same for both species so that differences in enzyme regulation occur as a result of metabolic considerations. One possible basis for this difference may be that barley leaves accumulate large amounts of sucrose in the light (5), whereas starch is the predominant storage form of carbohydrate in soybean trifoliates (12) . Interrelationship of SPS Activity, Sucrose Biosynthesis, and Starch Metabolism. Sucrose accumulates in barley primary leaves throughout the day and then stored soluble sugar reserves decrease rapidly at the start of the dark period (10) . Starch mobilization at night occurs after a 3-to 5-h lag (5) . These findings, together with results shown in Figure 1, The activity of SPS in barley leaves increased when darklight (650 Mmol photons adapted seedlings were exposed to light (see Figs. 1 and 2) .
However, it is unlikely that this alteration in extractable enzyme primary leaves was essentially unchanged throughout a 12-h light period (Fig. 1) Figure 2 are inconsistent with, but do not entirely exclude, the possibility of rapid changes in whole leafenzyme concentrations. The suggestion that leaf SPS is subject to control by a proteinbound activator would support a proposed regulatory role for this enzyme in sucrose biosynthesis (3) . Kinetic analyses of SPS activity in crude barley leaf extracts suggests that decreases of enzyme activity in the dark correlate with decreased substrate affinities for F6P and UDPG (Sicher et aL., in preparation).
It is likely from results shown in Figure 1 that SPS activity in barley leaves is regulated by biochemical modification in the dark. Thus, it is tempting to speculate that the control of photosynthetic sucrose synthesis in the barley leaf is at the level of SPS in the dark and occurs by a different mechanism in the light.
